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(54) Network equipment such as a network repeater and testing method therefor 



(57) A network repeater having a plurality of repeat- 
er ports selectively establishes links with remote nodes 
at one of two data rates based on the capabilities of the 
remote network node and a determined link integrity. A 
network repeater establishes a link with a network node 
using auto-negotiation techniques to establish a 100 
Mb/s link. The network repeater than monitors the link 
for symbol errors, and determines an integrity of the link 
based on a detected number of symbol errors relative 
to a prescnbed threshold in a dual-counter configura- 
tion. If the detected number of symbol errors counted by 
the first counter reaches a first threshold within a first 



number of received symbols, the second counter is in- 
cremented and the first counter reset. If over a second, 
longer interval the second counter reaches a second 
threshold, indicating repeated symbol errors over a 
greater distribution of received symbols, the network re- 
peater performs a down shifting operation by breaking 
the established 100 Mb/s link, and restarting auto-nego- 
tiation to establish a 10 Mb/s link. IHence, the network 
repeater may monitor high-speed links for link integrity, 
and selectively downshift a link encountenng a substan- 
tial number of errors to a reduced data rate, without a 
necessity of a network manager or other remote man- 
agement agent. 



CM 
< 

o 
o 

CM 
lO 

o> 



Q. 
UJ 



Printed by Jouve. 75001 RARIS (FR) 



EP 0 952 700 A2 



10 



IS 



20 



Description 



rOOOIl The present invention relates to network equipment such as network repeaters, or units which may incorporate 
two or more IEEE 802.3 compliant repeaters each operating at different data rates. The prinbiple of monrtoring link 
ImegrUyandadjustingoperatingspeedtominimizeer^jr rate may alsobeappliedtoothernetworkequ.pmem 

Bridaes Routers. Network interfaces and switches. , , 

roOWl ' Network repeaters are typically usedtoconnect between network nodes, for example network sta^ons sending 
as da a terminal equipment (DTE) on different network media. Repeaters provide the advantage of expending the 
physSlSnce between network nodes by receiving a data packet from one network med.um, recondrtioning the 
pEcal signal, and outputting the data packet to a second network medium. The repeater may also fonA«rd earner 
. sense and collision signals, effectively extending the collision domain of one medium onto the second medium 
Si RepSrs interconnecting network nodes on dWerent network media have conventionally been configured 
to connect only networks operating at the same transmission rate. One problem encountered .n higher-speed networks, \ 
for examole 100 Mb/s MEE 802.3 networks, is the identification of a link, between the network repeater and a remo e 
network node on one of the network repeater ports, having a poor level of integrity In particular, there 's^a need to 
discover links between a repeater port and a network node that are not performing up to specrfications. for example 
due to a poor cable connection or condition, a faulty network interface device at the remote node, etc. 
r00041 One proposal for handling link failure is by using network management capabilities, for example, a remote 
management function (i.e. , network manager) configured for mortitoring and controlling '^^f^'l'j'}'^^'^^^'^^^ 
the network nodes. For example, a remote management technique may use a management protocol to transmit r.an- 
agemem information between the repeater and the network manager However such an arrangement necessar y 
Son a managementfunctlon. and hence Is Inapplicable in unmanaged network. Moreover the --^"S ° ''"J^ 
by a centralized network manager requires that each unit to be managed must incorporate « '""^ ^^^^^^^^ 
management protocol (an agent), thereby increasing the complexity and processing requirements of the managed unrt. 

roobsi '^ThefJis a need for an arrangement for interconnection of different speed network nodes using a repeaters 
ITre the Ink imegrity between a repeater and the network nodes can be reliably monitored without the necessity of 

roJirTlTeTels also a need for an arrangement in a network having a repeater lor monrtoring the link status of high 
30 speed data links, and automatically changing a selected high speed data link to a slower data rate based on detection 
of a marainal or unacceptable link status on the selected high speed data link 

Soor There is also a'need for an arrangement in a network repeater for mom.onng the link status of h-g^ speed 
data links, where the error rate of a link can be reliably detemnined despite the presence of transient errors that may 
othenwise create the perception of an artificially high error rate. ^»»^„haH h<»i«w 

3S ^00081 These and other needs are obtained by preferred embodiments of the prcson, inventran as descnbed below, 
where a network repeater monitors each repeater port link in connmunicatjon w,tn h remote network node at a corre- 
sponding data rate. The network repeater monitors each link by counting in a tirsi coun.c a delected number of symbo 
e^rs wKhin a first inten^al. A second counter may also be used for increased wccurncy m detecting a symbol^^^^^ 
rate In such cases, the second counter is incremented if the detected number ot syrr^.ooi errors exceeds afirst frireshold 
Shin the first inten^al. If the second counter reaches a second threshold w„h,n a sccona .mental, substantially longer 
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than the first inten^al. then the link integrity is deemed to have an unacceptabiy n,a- cror ^ 
[0009] According to one aspect of the present invention, a method in network omen, .ncludes es«ab''sh in^^^ 
with a remote network node at a prescribed rate via a network medium, and ao!c-..n.nQ an integrity of the link. The 



integrity of the link is determined by counting in a first counter a detected numPe- c ^ ^ ™ 
incrementing a second counter if the detected number of symbol errors exceoas . ' ^ • t-esnotd wi hin the first inter>ral 
Lnd d4 rnfng if the second counter reaches a second threshold within . so::.-:: .-Mcrv.! including a success^^e 
p ur^ ~r?rst inten,als, the link Integrity based on the second countc, ic..- ■ r.c -^-"^ ^^^^^^^^^^^^ 
second inten/al Use of the first and second counters enables the monitoring c sv-.oc errors to be more evenly dis 
tributed minimizing the possibility of transient symbol errors generating an an.r.c - ~. "an symbol error rate^ 
rWIOl An L^dtonal feature of this aspect includes selectively reducing the a.t. u,:c on the network medium to a 
r^ucld data rateTn response to the number of symbol errors exceeding prcscr.aca tr^reshold. Hence the network 
equXnt uprdetecting that the number of symbol errors exceeds the prcscr.t.oa tnrcshold. may reduce the data 
r^oX idrntmed link in an effort to provide a more reliable link that has a reducoa numocr of symbol errors occurring 
relative to the link having the higher data rate. ,~«n 
room Another aspect of the present Invention provides a network repeater havinc, h plurality of repeater ports con- 
iqured for sending and receiving data packets between remote nodes via respective network media. The network 
Seater°ncludes a first repeater core configured for sending and receiving data packets between a ftrst group of the 
repea e J^rts acco^flng to a first data rate, and a second repeater core configured for sending and recemng data 
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packets between a second group of the repeater ports according to a second data rate slower than the first data rate. 
An auto-negotiation unit is configured for selecting one of the first and second data rates for establishment of links 
between the repeater ports and the respective rennote nodes via the respective network media. A symbol error detector 
is configured for detecting a number of symbol errors on at least one of the links operating at the first data rate. The 

5 symbol error detector includes a first counter for counting a detected number of symbol errors within a first interval, 
and a second counter for counting, within a second interval larger than the first interval, a number of the first intervals 
having the detected number of symbol errors exceeding a first prescribed threshold. A controller detects an integrity 
of at least the one link based on the counter value of the second counter reaching a second threshold within the second 
interval. The symbol error detector can detect the number of symbol errors on at least one link, enabling monitoring of 

10 each link without the necessity of an external management function. Moreover, the use of the first and second counters 
ensures that the symbol error detector does not erroneously determine a poor link integrity merely due to a presence 
of transient errors within one or two of the first detection intervals. The controller thus enables the link to be reduced 
to a lower speed in the event that a higher number of symbol errors are detected over a plurality of the first intervals, 
indicating a higher incidence of symbol errors over a greater distribution. 

IS [0012] Additional advantages and novel features of the invention will be set forth in part in the description which 
follows, and in part will become apparent to those skilled in the art upon examination of the following or may be learned 
by practice of the invention. The advantages of the invention may be realized and attained by means of the instrumen- 
talities and combinations particularly pointed out in the appended claims. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] Reference is made to the attached drawings, wherein elements having the same reference number designa- 
tions represent like elements throughout and wherein: 

[0014] Fig, 1 is a block diagram of a network repeater according to an embodiment of the present invention. 
2S [0015] Fig. 2 is a flow, diagram illustrating the method in the network repeater of controlling transmissions according 
to an embodiment of the present invention. 

[0016] Fig. 1 is a block diagram of a network repeater 10 configured for transmitting data packets between remote 
network nodes 12 according to an embodiment of the present invention. The repeater 10 is a fully integrated multiple 
port repeater that can operate at both 1 0 Mb/s and 1 GO Mb/s. In particular, the repeater 1 0 includes four repeater ports 

30 14 that transmit and receive data packets with the respective remote network nodes 12 according to IEEE 802.3 pro- 
tocol. Each repeater port 14 establishes a link with the corresponding network node 12 at a prescribed data rate (e.g., 
10 Mb/s or 100 Mb/s) via a network medium 16. for example category 3 unshielded twisted pair (UTP) or category 5 
UTP cable. As described below, each repeater port 14 automatically configures to the speed of the remote network 
nodes 12 using negotiation protocols. As recognized in the art. the 10-BASE-T protocol specifies transmitting Ethernet 

35 (IEEE 802.3) data packets at 10 Mb/s over twisted pair of UTP wiring, where the maximum cable segment distance is 
100 meters from the node 12 to the repeater 10. The 100 BASE-TX standard specifies transmission of Ethernet (IEEE 
802.3) data packets at 100 lab/s over two pairs of category 5 UTP wiring, where the maximum cable segment distance 
is 1 00 meters from the node 1 2 to the repeater 1 0. 

[0017] As described below, the repeater 10 also includes a 10 Mb/s back plane 18 and a 100 Mb/s back plane 20, 
40 enabling the repeater 10 to be connected to other similar repeaters, effectively forming a large port-count repeater. 
[0018] The repeater 10 also includes a 10 Mb/s repeater core 22 and a 100 Mb/s repeater core 24. The repeater 
cores 22 and 24 are configured for sending and receiving data packets between selected repeater ports according to 
the respective data rates. In particular, the repeater 10 includes a port switching and steering interface 26 configured 
for selectively connecting each network port 14 to one of the repeater cores 22 or 24 based on the corresponding link 
45 speed of the repeater port 1 4. For example, if the repeater port 1 4a is configured for sending and receiving data packets 
via medium 16a at the link speed of 10 Mb/s, the port switching and steering interface 26 connects the repeater port 
14a to the repeater core 22. Similarly, if the repeater port 14b is configured for sending and receiving data packets on 
the medium 16b at the link speed of 100 Mb/s. the port switching and steering interface 26 connects the repeater port 
14b to the 1 00 Mb/s repeater core 24. The port switching and steenng interface 26 may be implemented as a plurality 
so of multiplexers that selectively connect each port 14 to the appropnate repeater core 22 or 24 depending on the de- 
termined link speed for the corresponding repeater port 14. 

[0019] The repeater cores 22 and 24 are implemented as state machines configured for operation compliant with 
IEEE 802.3 Section 9 and Section 27, respectively In particular, the 10 Mb/s repeater state machine 22 is configured 
such that all repeater ports 14a operating in the 10 Mb/s collision domain, within the repeater 10 or via a 10 Mb/s 
55 expansion bus coupled to the backplane 18. form a single repeater that is compliant with IEEE 802.3 Section 9. If any 
single port 1 4 connected to the 10 Mb/s repeater state machine 22 senses the start of a valid packet, the repeater core 
22 will retransmit the received packet on all the other ports connected to the core 22 unless a collision is detected. The 
repeater core 22 also supplies the packet to the 1 0 Mb/s expansion bus coupled to the backplane 1 6 to facilitate designs 
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ri^. 1' aLIS^ S «ia, ,he p,«,rt>,. will hav. a nnlnlnnum d 66 b«. b«o,e *a 

S 'Te' rtp'L'S'co™^ al=o a,„c„ and r^pood. ,0 cCHslon c»,dl«ons on all pods co;,necad to ma ,apaa,., 
' ,„ Tnerepemeroo 5,1^9 including collision comHions deteotad via the Hack ptene 18. 

SSif ■i;^ "I^^ll l^i a^^dolid -epaa.., oo,a 22 .0 ensuie rallabla o. da« In *a 

ESSE^.^,rdSbrrr^s^eao,s\:^^^^^ 

nto^Jd to the As described above, the 100 Mb/s repeater core 24 ensures that the outgo.ng packet on 

nected to the backplane (Sections 24 25 and 27) signal amplitude, symmetry, and jitter require- 

ri^T^a^rlZir :^r: ~l o^. oie,^.^n«ad luncll^ are pa.o.,^ b, ..a 

rpoeater core 24 to ensure reliable transfer of data In the 1 0OMb/s collision domain. 

0S3 The repeated 1 0 also includes an auto-negotiation unit 30. management control log.c 32 and a ink contro ler 

node 12 capable of 100 Mb/s transmission and reception decodes the FLP burst to leam aooui me c-p 
[<»261 AS descriDeo ^ 54 distributed over a successive number of primary detection intervals. In par- 

Mmmmimmwrn 
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mines that the link encounters an unacceptably high error rate. As described below, the counters 48 and 54 are reset 
by the symbol monitor 56, which monitors the number ot received symbols, such that a first number of symbols define 
a first interval for the first counter 48, and a second number of received symbols define a second inten^al for the second 
counter 54. 

5 [0028] As shown in Figure 1 . the link controller 34 includes a table 50 and a selector circuit 52. The table 50 stores 
a plurality ot available thresholds tor each of the counters 48 and 54. and the selector circuit 52 selects two of the 
available thresholds for the first and second thresholds corresponding to unacceptable symbol error rates within re- 
spective first and second detection intervals based on a selection signal from the management control logic 32 or by 
some other means allowing a threshold to be selected in a system without management. Hence, the repeater 10 may 

10 be initially programmed with a plurality of thresholds stored in table 50, and a configuration register may also be pro- 
, grammed for selecting one of the thresholds, as well as the selected enabling of the downshift operation on a par-port 
basis. 

[0029] Figure 2 is a diagram illustrating a method for controlling transmission by monitonng link integrity and selec- 
tively reducing the data transmission rate on a repeater port 14 having a link with a detected number of symbol errors 

IS reaching a prescribed threshold. Figure 2 only illustrates the process for one port. In any multiport repeater such as 
the one shown in Figure 1 each port will have its own set of processes, and all processes will run simultaneously. The 
methods begin in step 60, where the counters 48 and 54 in each of the repeater ports 14 are reset to zero. The auto- 
negotiation unit 30 then initiates a link start up procedure in step 62 every time a link to a station 12 is connected, 
powered on or reset by a hard reset, or following down shifting as described below with respect to step 82. Assuming 

20 that at least one network port 14 (e.g., 14a) has a link established at 100 Mb/s, the corresponding timer 54 is started 
in step 62. 

[0030] The symbol error detector 46 begins to monitor the corresponding link (e.g., 16a) in step 64. Any encoded 
symbols not matching one of the symbols in Table 1 are detected as a symbol error. 



TABLE 1: 



30 



35 



40 



Symbol Definitions 


Symbol (HEX) 


NR2 


4b/5b 


Interpretation 


0 


0000 


11110 


Data 0 


1 


0001 


01001 


Datal 


2 


0010 


10100 


Data 2 


3 


0011 


10101 


Data 3 


4 


0100 


01010 


Data 4 


5 


0101 


01011 


Data 5 


6 


0110 


01110 


Data 6 


7 


0111 


01111 


Data 7 


8 


1000 


10010 


Data 8 


9 


1001 


10011 


Data 9 


A 


1010 


10110 


Data A 


B 


1011 


10111 


Data B 


C 


1100 


11010 


Data C 


D 


1101 


11011 


Data D 


E 


1110 


11100 


Data E 


F 


1111 


11101 


Data F 


Idle 


Undefined 


11111 


Idle Symbol 


J 


0101 


11000 


Start of Stream Delimiter: 1 of 2 


K 


0101 


10001 


Start ot Stream Delimiter: 2 of 2 


T 


Undefined 


01101 


End of Stream Delimiter: 1 of 2 
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TABLE 1 : (continued) 



Synnbol Definitions 


Symbol (HEX) 


NRZ 


4b/5b 


Interpretation 


R 


Undefined 


00111 


End of Stream Delimiter: 2 of 2 



[0031] A False Carrier (Data Stream not beginning with IMYJ) is detected as a symbol error' Any data stream that 
does not transition into Idle with /T/R/l/ is detected as a symbol error. 

r00321 The Symbol Counter 56 is set for a threshold II and the Symbol Error Counter 1 (48) is set to a threshold T1 
The ratio of T1 to 11 corresponds to the selected error rate. For example, if the selected error rate is 1 0^ (1 error every 
108 data bits) il is set to 25 * 1 0" and T1 is set to 1 . This allows for a ratio of 1 symbol for every 4-decoded data bits. 
If T1 Is set higher il must be correspondingly increased. In this example if T1 is 5. il must be 1 2.5 '10 . \} 
r00331 Counter 2 (54) establishes the repeatability of the relationship between Counter 1 (48) and Symbol Counter 
56 Counter 2 (54) increments whenever Counter 1 (48) meets Tl errors at il symbols. It is reset to 0 if Counter 1 is 
less than Tl at il symbols. The threshold T2 is somevyhat arbitrary. If Counter 2 increments to T2 counts the error 
monitor has detected that the error rate consistently maintains the error rate threshold. If Counter 2 (54) cannot get to 
T2 there is a reasonable chance that the error is bursty and does not represent the designated error rate. 
r00341 Once link is established at 100 Mb/s. the symbol Counter 56 continuously increments for every detected 
symbol in step 64 and resets itself every il symbols in step 72. The error monitor 46 monitors the symbol errors in step 
66 for inten/al i, symbols. Counter 1 (48) increments in step 68 for eve^^ error detected. When the Symbol Counter 
eauals il in step 70. counter 1 is checked in step 72 to see if the error count has exceeded the threshold^ " J 
has not exceeded the threshold all the counters are reset in step 74. If Counter 1 equals or exceeds the threshold 
Counter 2 is incremented in step 76. In either case counter 1 is reset and the Symbol counter 56 (i.e. internal counter) 

r0035? If Counter 2 is incremented. Counter 2 is checked in step 78 to see if it has exceeded threshold T2^ If T2 is 
exceeded the link is broken and reestablished at 10 Mb/s in step 80. This can be done by either forcing the data rate 
to 10 Mb/s or by setting the 100BASE-TX bits in Register 4 (Bit 8 and Bit 7) to 0 before restarting auto-negotiation. 
r00361 Once the link has been reestablished at 1 0 Mb/s. it will remain there until it is broken via outside intervention, 
t could be because the Link Partner breaks the link, the cable is disconnected, management restarts auto-negotiation 
management disables auto-negotiation, or any number of other things that could cause the link to break. Once the link 
is broken and auto-negotiation is enabled, the link is reestablished at 100 Mb/s. All the counters are reset and the error 
monitor continues checking for symbol errors. ^ » ^ . „ ,.,i,„ih^r 

r00371 According to the disclosed embodiment. 100 Mb/? data bits can be easily monitored to determine whether 
ink in egnty is not perfomiing to required specifications, for example, due to bad cable or poorly-perfomiing hardware 
circuitry etc The disclosed arrangement minimizes the requirements for the network manager 40 to continually monitor 
the link status for each of the network ports. Moreover, the link controller, upon detecting the symbol error rate reaching 
a prescnbed threshold, effectively downshifts the corresponding repeater port by breaking the link and establishing a 

new link at the reduced data rate. ^ ^^^^ 

100381 Although the disclosed arrangement descnbes a single link controller 34 serving each of the repeater ports 
14 and link controller 34 may alternately be implemented in each of the repeater ports 14, such that each repeater 
Do'rt 14 is capable of independently monitoring and controlling its own link based on detected symbol error rates. 
Mematively, the symbol error detectors, counters, and timers may be centrally located with the link controller 34 to 
provide a more centralized architecture. ^ ,k«, r««<,f nrao 

r00391 While this invention has been descnbed in connection with what is presently considered to be the most prac- 
tical and preferred embodiments, it is to be understood that the invention is not limited to the disclosed embodiments 
but. on the contrary, is intended to cover various modifications and equivalent arrangements included within the scope 
of the appended claims. 



Claims 

1 . A method in network equipment, comprising: 

establishing a link with a remote network node at a prescribed data rate via a network medium: and 
determining an integrity of the link by: 



(1) 



counting in a first counter a detected number of symbol errors within a first interoal. 
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(2) incrementing a second counter if the detected number of symbol errors exceeds a first threshold within 
the first interval, and 

(3) determining if the second counter reaches a second threshold within a second interval including a 
successive plurality of the first intervals, the link integrity based on the second counter reaching the second 

5 threshold within the second Interval. 

2. The method of claim 1 . wherein the first interval corresponds to a first prescribed number of symbols received from 
the remote network node. 

10 3. The method of claim 2. wherein the second interval corresponds to a second prescribed number of received sym- 
bols substantially largisr than the first prescribed number of received symbols. 

4. The method of claim 3. wherein the counting step includes resetting the first counter upon reaching the first pre- 
scribed number of received symbols. 

15 

5. The method of claim 4, wherein the incrementing step includes resetting the second counter if the first counter 
does not reach the first threshold upon reaching the first prescribed number of received symbols. 

6. The method of claim 4. further comprising resetting the second counter upon reaching the second prescribed 
20 number of received symbols. 

7. The method of claim 1 . wherein the first threshold corresponds to a selected significant bit of the detected number 
of symbol errors, the incrementing step including detecting a transition in the selected significant bit of the detected 
number of symbol errors. 

2S 

8. The method of claim 1 . wherein the second threshold corresponds to a selected significant bit of the value of the 
second counter, the incrementing step including detecting a transition in the selected significant bit of the value of 
the second counter. 

30 9. The method of claim 1 , further comprising supplying at least one of the first and second thresholds to the network 
equipment via a serial interface. 

10. The method of claim 1, further comprising generating a signal indicating a problem in the integrity of the link in 
response to the second counter reaching the second threshold. 

35 

11. The method of claim 1, further comprising selectively reducing the data rate on the network medium from the 
prescribed data rate to a reduced data rate in response to the second counter reaching the second threshold within 
the second interval. 

40 12. The method of claim 1, wherein the first and second thresholds represent first and second symbol error rates, 
respectively, the second symbol error rate being substantially less than the first symbol error rate. 

13. A network repeater having a plurality of repeater ports configured for sending and receiving data packets between 
remote network nodes via respective network media the network repeater comprising: 

45 

a first repeater core configured for sending and receiving data packets between a first group of the repeater 
ports according to a first data rate: 

a second repeater core configured for sending and receiving data packets between a second group of the 
repeater ports according to a second data rate slower than the first data rate; 
so an auto-negotiation unit configured for selecting one of the first and second data rates for establishment of 

links between the repeater ports and the respective remote network nodes via the respective network media; 
a symbol error detector for detecting a number of symbol errors on at least one of the links operating at the 
first data rate, the symbol error detector comprising: 

55 (1) a first counter for counting a detected number of symbol errors within a first interval, and 

(2) a second counter for counting, within a second interval larger than the first interval, a number of the 
first intervals having the detected number of symbol errors exceeding a first prescribed threshold: and a 
controller for detecting an integrity of the at least one link based on the counter value ot the second counter 
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reaching a second threshold within the second intereal. 

14 The repeater of claim 1 3. wherein the controller selectively changes the at least one link from the firet data rate to 
me seSnTd^a mte based on the value of the second counter reaching the second threshold wrthin the second 
interval. 

15 Th^ network reoeater of claim 13. wherein the first and second thresholds corresponding to selected significant 
SsofSrstXico^^^^^^^^^ 

in the selected significant bit of the first counter value. 
,16 Thenetworkofclaim13.whereinthefirstandsecondinten,alscorrespondtofirstandsecondnumbers^^^ 

lymJoLTspectK^ely. wherein the first counter is reset at the end of each first .nten/al and the second counter .s 
reset at the end of each second interval. 

17 A method in a network repeater of controlling transmission, the method comprising: establishing a ""J with a remo^^^^ 
^eTwor^n^e ata prescLd data rate via a network medium; monitoring the link by count.ng the J ^^^^ ""^^^ 
orsymbol errors wrthin a prescribed interval of received symbols; and determining an ''^^^^'^^^l'^^^^^ "^"^ 
on tKtited number o?symbol errors wfthin the prescribed inten/al relative to a prescribed threshold. 

18 A method of claim 17. wherein the monitoring step includes: incrementing an up/down counter in 
Setocte?imbTerror. and decrementing the up/down counter if no symbol errors are detected dunng the pre- 
scribed interval. 

19 The method of claim 17. further comprising reducing the data rate on the network medium from the Prescribed 
StaT^to a reduced data rate in response to the detected number of symbol errors reaching the prescnbed 
threshold. 
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(54) Network equipment such as a network repeater and testing method therefor 



(57) A network repeater having a plurality of repeat- 
er ports selectively establishes links with remote nodes 
at one of two data rates based on the capabilities of the 
remote network node and a determined link integrity. A 
network repeater establishes a link with a network node 
using auto-negotiation techniques to establish a 100 
Mb/s link. The network repeater than monitors the link 
for symbol errors, and determines an integrity of the link 
based on a detected number of symbol errors relative 
to a prescnbed threshold in a dual-counter configura- 
tion. If the detected number of symbol errors counted by 
the first counter reaches a first threshold within a first 
number of received symbols, the second counter is in- 



cremented and the first counter reset. If over a second, 
longer inten/al the second counter reaches a second 
threshold, indicating repeated symbol errors over a 
greater distribution of received symbols, the network re- 
peater performs a down shifting operation by breaking 
the established 100 Mb/s link, and restarting auto-nego- 
tiation to establish a 10 Mb/s link. Hence, the network 
repeater may monitor high-speed links for link integrity, 
and selectively downshift a link encountenng a substan- 
tial number of errors to a reduced data rate, without a 
necessity of a network manager or other remote man- 
agement agent. 
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